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Abstract 25 

Background: Several immunochromatographic serological test kits have been developed to detect 26 

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)-specific antibodies, but their 27 

relative performance and potential clinical utility is unclear.  28 

Methods: Three commercially available serological test kits were evaluated using 99 serum samples 29 

collected from 29 patients diagnosed with coronavirus disease 2019 (COVID-19). 30 

Results: The IgM antibody-positive rates of the three serological test kits for samples taken at the 31 

early stage of the disease (0–6 days after onset) were 19.0%, 23.8%, and 19.0%, respectively. The 32 

IgM antibody-positive rates over the entire period were 21.2%, 60.6%, and 15.2%, respectively. The 33 

IgG antibody-positive rates for samples taken after 13 days of onset were 100.0%, 97.6%, and 97.6%, 34 

respectively. 35 

Conclusion: There were large differences among the results of the three test kits. Only few cases 36 

showed positive results for IgM in the early stage of disease and the IgM antibody-positive rates 37 

over the entire period were low, suggesting that the kits used in this study were unsuitable for 38 

diagnosis of COVID-19. The IgG antibody was positive in almost all samples after 13 days of onset, 39 

suggesting that it may be useful for determining infections in the recent past. 40 

41 
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1. Introduction 45 

Coronavirus disease 2019 (COVID-19) has been spreading globally. COVID-19 is caused 46 

by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, which was confirmed 47 

around December 2019 in Wuhan, Hubei, China [1, 2]. Currently, real-time reverse 48 

transcription-polymerase chain reaction (RT-PCR) is employed to detect SARS-CoV-2 in a 49 

nasopharyngeal swab or sputum for the diagnosis of COVID-19 [3]. However, RT-PCR gives 50 

false-negative results in cases of a low viral titer and inadequate sample collection. Studies in China 51 

using RT-PCR tests reported that only 60%–70% of COVID-19 patients were positive in the early 52 

stages of infection [3-6]. 53 

Detection of specific antibodies to a pathogen in the bloodstream is widely used to 54 

diagnose infectious diseases. An antibody test using a blood sample is relatively quick and 55 

straightforward, and because the risk of infection during the sample collection process is low, it is 56 

considered by some to be useful for the diagnosis of COVID-19 [7]. Generally, antigen-specific IgM 57 

antibodies increase in the early stage of the onset of a viral infection, which is then followed by an 58 

increased level of specific IgG antibodies. IgM antibodies are produced as the first antibody to fight 59 

the virus and are transiently raised. The subsequent production of IgG antibodies continues to rise 60 

for a long time and plays a vital role in immunity against the same virus. Therefore, the detection of 61 

specific IgM antibodies against SARS-CoV-2 may be used for diagnosis in the acute phase of 62 
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COVID-19, whereas the detection of SARS-CoV-2-specific IgG antibodies may be used for 63 

determining a past infection or acquired immunity against SARS-CoV-2. 64 

Immunochromatographic anti-SARS-CoV-2 antibody detection kits have been recently 65 

developed by multiple manufacturers [8]. However, differences in their properties and clinical 66 

usefulness are mostly unknown [9]. This study aimed to investigate the reliability of three different 67 

immunochromatographic anti-SARS-CoV-2 antibody detection kits using serum from COVID-19 68 

patients. 69 

 70 

2. Materials and Methods 71 

2.1. Detection of anti-SARS-CoV-2 antibodies 72 

We evaluated three test kits for the detection of anti-SARS-CoV-2 IgM/IgG antibody in 73 

serum: 2019-nCoV IgG/IgM Rapid Test Cassette (Hangzhou AllTest Biotech Co., Ltd., China), 74 

COVID-19 IgM/IgG Duo (SD BIOSENSOR, Korea), and 2019-nCoV IgG/IgM Detection Kit 75 

(Vazyme Biotech Co., Ltd., China). All kits were based on colloidal gold-labeled 76 

immunochromatography. All tests were performed following the manufacturer’s instructions for 77 

each kit, and the results were visually inspected within 15 min. 78 

 79 

2.2. Study subjects 80 
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We utilized a series of residual serum samples left over after routine laboratory testing of 81 

29 COVID-19 patients (mean age, 52.9 ± 21.9 years; 14 males and 15 females) who were admitted 82 

to Fujita Health University Hospital, Toyoake, Japan, from February 28 to April 15, 2020. All 83 

patients were confirmed as COVID-19 cases by RT-PCR assay of nasopharyngeal swab specimens 84 

at the time of or prior to admission. All serum samples, aliquoted and stored at -80°C, were thawed 85 

and evaluated at the same time for the analyses. This study was approved by the Ethics Committee 86 

for Clinical Research, Center for Research Promotion and Support, Fujita Health University 87 

(authorization number HM19-493). 88 

 89 

3. Results 90 

3.1. Positive rates of anti-SARS-CoV-2 IgM antibody 91 

Table 1 shows the results of anti-SARS-CoV-2 IgM antibody in patients’ serum according 92 

to the number of days after disease onset. The IgM antibody-positive rate of the three kits in the 93 

early stage (0–6 days after onset) was 19.0% (Hangzhou AllTest), 23.8% (SD BIOSENSOR), and 94 

19.0% (Vazyme Biotech), showing comparable results among the kits. On the other hand, the IgM 95 

antibody-positive rate 7 days after the onset showed considerable differences among the kits. After 96 

13 days of onset, the IgM antibody-positive rates were 23.8%, 88.1%, and 14.3% for the Hangzhou 97 

AllTest, SD BIOSENSOR, and Vazyme kits, respectively. The SD BIOSENSOR kit showed a 98 
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particularly high IgM antibody-positive rate (Table 1). The total IgM antibody-positive rates over the 99 

entire period were 21.2%, 60.6%, and 15.2% for the Hangzhou AllTest, SD BIOSENSOR, and 100 

Vazyme kits, respectively. 101 

 102 

3.2. Positive rate of anti-SARS-CoV-2 IgG antibody 103 

 Table 2 shows the results of anti-SARS-CoV-2 IgG antibody in patients’ serum according 104 

to the number of days after onset. The IgG antibody-positive rates in the early stage (0–6 days after 105 

onset) were 33.3%, 33.3%, and 28.6% for the Hangzhou AllTest, SD BIOSENSOR, and Vazyme 106 

kits, respectively. Patients positive for IgG antibody were observed at the early stage of the onset. 107 

The IgG antibody-positive rates after 13 days of the onset were 100%, 97.6%, and 97.6%, 108 

respectively, showing that the three kits gave positive results for almost all samples. Note that, since 109 

the IgM antibody-positive samples were also IgG antibody-positive, the positive rate of either or 110 

both IgM and IgG antibody was the same as the positive rate of the IgG antibody (Table 2). 111 

 112 

3.3 Kinetics of anti-SARS-CoV-2 IgM and IgG antibody 113 

Figures 1 and 2 show the kinetic results of anti-SARS-CoV-2 IgM and IgG antibody of the 114 

29 patients in our cohort. Few cases showed positive test results for IgM early in the disease course. 115 

Tests for the IgG antibody often turned positive about 10 days after the onset, and most of the 116 
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samples after 13 days of the onset became positive with all kits. However, there was a dissociation 117 

of the results in patient 11, where the AllTest kit gave positive results in all samples, whereas the SD 118 

BIOSENSOR and Vazyme kits gave negative results. 119 

 120 

4. Discussion 121 

The serological detection of antibodies is widely used for the diagnosis of viral infections. 122 

Since immunochromatography methods to detect antibodies are quick to perform, easy to use, and 123 

do not require additional equipment, detection of anti-SARS-CoV-2 antibody using 124 

immunochromatography kits may be helpful for diagnosing COVID-19. 125 

We compared three immunochromatography kits for detecting anti-SARS-CoV-2 126 

antibodies using serum samples from COVID-19 patients. There was a considerable difference 127 

among the kit results, especially for IgM. It is thus clear that kit selection is crucial and should be 128 

based on the clinical purpose for the test. Additionally, since only a few samples were positive for 129 

the IgM antibody in the early stage of the disease by all kits, it appears that the kits used in this study 130 

are unsuitable for diagnosing the acute phase of COVID-19. 131 

A comparison of the IgG antibody results between the three kits did not reveal any large 132 

differences. Additionally, almost all serum samples collected after 13 days of onset were positive. 133 

This suggests that the IgG antibody test using these kits can be helpful in diagnosing COVID-19 134 
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after a certain period from disease onset. However, the results of one patient were positive for one 135 

kit and negative for the other two kits, suggesting the presence of false-positive and false-negative 136 

results. Since research regarding the cause of false-positive and false-negative results in 137 

anti-SARS-CoV-2 antibody tests has yet to be performed, further investigation is necessary, such as 138 

determining the presence of cross-reactions with other coronaviruses. Furthermore, it is unclear how 139 

long anti-SARS-CoV-2 IgG antibody levels continue to rise in serum after infection, and further 140 

research is warranted. 141 

Currently, epidemiological studies in several countries use immunochromatography kits to 142 

detect antibodies [10]. We suggest that when using immunochromatography kits for COVID-19 143 

diagnosis, particular attention must be paid to whether these kits detect neutralizing antibodies 144 

against SARS-CoV-2. SARS-CoV-2 contains at least four structural proteins (spike [S] protein, 145 

envelope protein, membrane protein, and nucleocapsid [N] protein) [11, 12]. Since S protein appears 146 

to be involved in adhesion between virus and host cells during infection, it is considered that an 147 

antibody against S protein acts as a neutralizing antibody [13-15]. The detection of antibodies by 148 

immunochromatography kits may be useful for determinig a previous virus infection, but it is 149 

unclear whether the results could indicate people who have gained acquired immunity. Besides, 150 

quantitative assay of anti-SARS-CoV-2 antibodies, such as ELISA, would give a better 151 

understanding of humoral immune response to COVID-19 infection over time. 152 

 . CC-BY-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 29, 2020. .https://doi.org/10.1101/2020.06.28.20140475doi: medRxiv preprint 

https://doi.org/10.1101/2020.06.28.20140475
http://creativecommons.org/licenses/by-nd/4.0/


2 

 

 153 

Acknowledgments 154 

We would like to thank Nichirei Biosciences Inc. and Shionogi & Co., Ltd for providing the 155 

2019-nCoV IgG/IgM Rapid Test Cassette and COVID-19 IgM/IgG Duo kits and the 2019-nCoV 156 

IgG/IgM Detection Kit, respectively. 157 

 158 

Declaration of interest 159 

Hidetsugu Fujigaki received immunochromatographic anti-SARS-CoV-2 antibody detection kits 160 

from Nichirei Biosciences Inc. and Shionogi & Co., Ltd. There are no other relationships or 161 

activities that could appear to have influenced this work. All other authors report no conflicts of 162 

interest relevant to this work.   163 

 . CC-BY-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 29, 2020. .https://doi.org/10.1101/2020.06.28.20140475doi: medRxiv preprint 

https://doi.org/10.1101/2020.06.28.20140475
http://creativecommons.org/licenses/by-nd/4.0/


2 

 

References 164 

[1] N. Zhu, D. Zhang, W. Wang, X. Li, B. Yang, J. Song, X. Zhao, B. Huang, W. Shi, R. Lu, P. Niu, 165 

F. Zhan, X. Ma, D. Wang, W. Xu, G. Wu, G.F. Gao, W. Tan, A Novel Coronavirus from 166 

Patients with Pneumonia in China, 2019, The New England journal of medicine 382(8) (2020) 167 

727-733. 168 

[2] C. Huang, Y. Wang, X. Li, L. Ren, J. Zhao, Y. Hu, L. Zhang, G. Fan, J. Xu, X. Gu, Z. Cheng, T. 169 

Yu, J. Xia, Y. Wei, W. Wu, X. Xie, W. Yin, H. Li, M. Liu, Y. Xiao, H. Gao, L. Guo, J. Xie, G. 170 

Wang, R. Jiang, Z. Gao, Q. Jin, J. Wang, B. Cao, Clinical features of patients infected with 171 

2019 novel coronavirus in Wuhan, China, Lancet 395(10223) (2020) 497-506. 172 

[3] A. Tahamtan, A. Ardebili, Real-time RT-PCR in COVID-19 detection: issues affecting the 173 

results, Expert review of molecular diagnostics 20(5) (2020) 453-454. 174 

[4] Y. Fang, H. Zhang, J. Xie, M. Lin, L. Ying, P. Pang, W. Ji, Sensitivity of Chest CT for 175 

COVID-19: Comparison to RT-PCR, Radiology  (2020) 200432. 176 

[5] T. Ai, Z. Yang, H. Hou, C. Zhan, C. Chen, W. Lv, Q. Tao, Z. Sun, L. Xia, Correlation of Chest 177 

CT and RT-PCR Testing in Coronavirus Disease 2019 (COVID-19) in China: A Report of 1014 178 

Cases, Radiology  (2020) 200642. 179 

[6] A.T. Xiao, Y.X. Tong, S. Zhang, False-negative of RT-PCR and prolonged nucleic acid 180 

conversion in COVID-19: Rather than recurrence, Journal of medical virology  (2020). 181 

 . CC-BY-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 29, 2020. .https://doi.org/10.1101/2020.06.28.20140475doi: medRxiv preprint 

https://doi.org/10.1101/2020.06.28.20140475
http://creativecommons.org/licenses/by-nd/4.0/


2 

 

[7] L. Spicuzza, A. Montineri, R. Manuele, C. Crimi, M.P. Pistorio, R. Campisi, C. Vancheri, N. 182 

Crimi, Reliability and usefulness of a rapid IgM-IgG antibody test for the diagnosis of 183 

SARS-CoV-2 infection: A preliminary report, The Journal of infection  (2020). 184 

[8] Z. Zainol Rashid, S.N. Othman, M.N. Abdul Samat, U.K. Ali, K.K. Wong, Diagnostic 185 

performance of COVID-19 serology assays, The Malaysian journal of pathology 42(1) (2020) 186 

13-21. 187 

[9] S. Mallapaty, Will antibody tests for the coronavirus really change everything?, Nature 188 

580(7805) (2020) 571-572. 189 

[10] R.A. Perera, C.K. Mok, O.T. Tsang, H. Lv, R.L. Ko, N.C. Wu, M. Yuan, W.S. Leung, J.M. 190 

Chan, T.S. Chik, C.Y. Choi, K. Leung, K.H. Chan, K.C. Chan, K.C. Li, J.T. Wu, I.A. Wilson, 191 

A.S. Monto, L.L. Poon, M. Peiris, Serological assays for severe acute respiratory syndrome 192 

coronavirus 2 (SARS-CoV-2), March 2020, Euro surveillance : bulletin Europeen sur les 193 

maladies transmissibles = European communicable disease bulletin 25(16) (2020). 194 

[11] R. Lu, X. Zhao, J. Li, P. Niu, B. Yang, H. Wu, W. Wang, H. Song, B. Huang, N. Zhu, Y. Bi, X. 195 

Ma, F. Zhan, L. Wang, T. Hu, H. Zhou, Z. Hu, W. Zhou, L. Zhao, J. Chen, Y. Meng, J. Wang, 196 

Y. Lin, J. Yuan, Z. Xie, J. Ma, W.J. Liu, D. Wang, W. Xu, E.C. Holmes, G.F. Gao, G. Wu, W. 197 

Chen, W. Shi, W. Tan, Genomic characterisation and epidemiology of 2019 novel coronavirus: 198 

implications for virus origins and receptor binding, Lancet 395(10224) (2020) 565-574. 199 

 . CC-BY-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 29, 2020. .https://doi.org/10.1101/2020.06.28.20140475doi: medRxiv preprint 

https://doi.org/10.1101/2020.06.28.20140475
http://creativecommons.org/licenses/by-nd/4.0/


2 

 

[12] R. Yan, Y. Zhang, Y. Li, L. Xia, Y. Guo, Q. Zhou, Structural basis for the recognition of 200 

SARS-CoV-2 by full-length human ACE2, Science 367(6485) (2020) 1444-1448. 201 

[13] A.C. Walls, Y.J. Park, M.A. Tortorici, A. Wall, A.T. McGuire, D. Veesler, Structure, Function, 202 

and Antigenicity of the SARS-CoV-2 Spike Glycoprotein, Cell 181(2) (2020) 281-292 e6. 203 

[14] S. Jiang, C. Hillyer, L. Du, Neutralizing Antibodies against SARS-CoV-2 and Other Human 204 

Coronaviruses, Trends in immunology 41(5) (2020) 355-359. 205 

[15] C. Wang, W. Li, D. Drabek, N.M.A. Okba, R. van Haperen, A. Osterhaus, F.J.M. van 206 

Kuppeveld, B.L. Haagmans, F. Grosveld, B.J. Bosch, A human monoclonal antibody blocking 207 

SARS-CoV-2 infection, Nature communications 11(1) (2020) 2251. 208 

  209 

 . CC-BY-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 29, 2020. .https://doi.org/10.1101/2020.06.28.20140475doi: medRxiv preprint 

https://doi.org/10.1101/2020.06.28.20140475
http://creativecommons.org/licenses/by-nd/4.0/


2 

 

Figure legends 210 

 211 

Figure 1. Kinetics of anti-SARS-CoV-2 IgM antibody of serum samples from 29 COVID-19 212 

patients. The positive or negative result of the antibody in each serum sample is expressed as + or −, 213 

respectively. A, Hangzhou AllTest; B, SD BIOSENSOR; C, Vazyme. 214 

 215 

Figure 2. Kinetics of anti-SARS-CoV-2 IgG antibody of serum samples from 29 COVID-19 216 

patients. The positive or negative result of the antibody in each serum sample is expressed as + or −, 217 

respectively. A, Hangzhou AllTest; B, SD BIOSENSOR; C, Vazyme. 218 

 219 

  220 
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Table 1. Positive rate of anti-SARS-CoV-2 IgM antibody according to the different kits used 221 

  222 

IgM antibody 

Days 

after 

onset 

No. of 

samples 

Hangzhou AllTest SD BIOSENSOR Vazyme 

No. of 

positive 

samples 

Positive 

rate（%） 

No. of 

positive 

samples 

Positive 

rate（%） 

No. of 

positive 

samples 

Positive 

rate（%） 

0–6 21 4 19.0 5 23.8 4 19.0 

7–8 10 1 10.0 2 20.0 0 0.0 

9–12 26 6 23.1 16 61.5 5 19.2 

After 13 42 10 23.8 37 88.1 6 14.3 

Total 99 21 21.2 60 60.6 15 15.2 
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Table 2. Positive rate of anti-SARS-CoV-2 IgG antibody according to the different kits used 223 

IgG antibody 

Days 

after 

onset 

No. of 

samples 

Hangzhou AllTest SD BIOSENSOR Vazyme 

No. of 

positive 

samples 

Positive 

rate（%） 

No. of 

positive 

samples 

Positive 

rate（%） 

No. of 

positive 

samples 

Positive 

rate（%） 

0–6 21 7 33.3 7 33.3 6 28.6 

7–8 10 3 30.0 3 30.0 3 30.0 

9–12 26 19 73.1 18 69.2 17 65.4 

After 13 42 42 100.0 41 97.6 41 97.6 

Total 99 71 71.7 69 69.7 67 67.7 

The positive rate of either or both IgM and IgG antibody was the same as the positive rate of the IgG 224 

antibody.  225 
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ID 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

1 + + - -

2 - -

3 - +

4 - -

5 + - - - - - - - - - - -

6 -

7 - - - + +

8 - - - -

9 - -

10 - - -

11 - - -

12 + + +

13 + + + + +

14 - - + + + - - - - +

15 - - - - -

16 - - - -

17 - - + -

18 - - -

19 - - -

20 - - -

21 - - -

22 - - - -

23 - -

24 -

25 + -

26 -

27 - - -

28 - -

29 +

Days after disease onset

ID 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

1 + + - -

2 - +

3 - +

4 + +

5 + + + + + + + + + + + +
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